The superconducting magnet in our 500 MeV cyclotron contains a (liquid nitrogen cooled) aluminum heat shield within the cryostat, and when, after more than two years of operation, the cryostat was disassembled, it was discovered that the outer surface of the heat shield had collapsed inward, thereby compressing the underlying super-insulation tightly against the can containing the liquid helium and coil. Consideration of the resultant geometry of the heat shield indicated that the collapsing force was produced by eddy currents generated in the aluminum either during discharge of the magnet or else when one of the radial support links happened to break.
Summary
The superconducting magnet in our 500 MeV cyclotron contains a (liquid nitrogen cooled) aluminum heat shield within the cryostat, and when, after more than two years of operation, the cryostat was disassembled, it was discovered that the outer surface of the heat shield had collapsed inward, thereby compressing the underlying super-insulation tightly against the can containing the liquid helium and coil. Consideration of the resultant geometry of the heat shield indicated that the collapsing force was produced by eddy currents generated in the aluminum either during discharge of the magnet or else when one of the radial support links happened to break.
These forces have been calculated under both conditions, and the procedures used for these calculations are presented here together with the results. We conclude that the collapse of the heat shield was most probably caused when, on one occasion, the dump resistor accidentally burned out thereby producing an exceptionally fast discharge of the magnet.
It was decided to study the different situations that could have produced the buckling of the outer cylinder. The inner cylinder did not show any sign of deformation.
Eddy currents are generated in the aluminum heat shield whenever the magnetic field changes. During a fast discharge of the magnet, the eddy currents interact with the strong axial field, applying a radial force that compresses the outer cylinder of the heat shield. The first possibility considered was that the buckling was caused by the eddy currents generated during a normal dump exercise. Second, the coil can is partially supported by three horizontal links, and in October 1977 one of these links broke, suddenly displacing the coil. This must have generated strong eddy currents similar to those produced during a dump. The third possibility analyzed was the accident which occurred in September 1977 when the dump resistor accidentally burned out and arcing was observed during what started as a normal dump.
Introduction
After more than two years of operation, the cryostat of the superconducting magnet in our 500 MeV cyclotron was disassembled in early 1980. The coil can is kept in a helium bath at 40K. It is loosely wrapped in several layers of aluminized mylar (superinsulation) and enclosed in an aluminum container. This container consists of two concentric circular cylinders of radii 28.6 and 38.8 inches, with top and bottom ring-shaped covers; the height of the cylinders is 48 inches (see Figure 1) . The container is kept in contact with liquid nitrogen, and works as a heat shield to decrease the radiant flow of heat toward the coil can.
MSUX -80-507 Normal Dump
In case of an emergency, e.g., quench of one of the coils, the energy stored in the superconducting magnets is dumped into a 0.3Q resistor submerged in water. The current in the magnet discharges then as I(t) = I1e X , with X)= 10 s 0 5
(1)
The magnetic flux p enclosed by any closed curve will decrease according to (2) The magnetic field data necessary for our computations were obtained from a special run of the TRIM1 code. The current was 700A in both coils and there was a center plug. We must note that besides giving the BB components and its derivatives, the TRIM code also prints the values of rA, that is, the quantity needed to compute the flux.
The critical collapsing pressure is given by: 2 Taking 6 z 1 cm and At=l second, we obtain for the median plane electric field E=7.4 x 10 V/m. 
Conclusion
Our study showed that:
(1) The pressure produced in a normal dump is not large enough to buckle the can. The time constant of current decay should be at least four times smaller than the observed one for the pressure to reach the critical buckling value.
(2) In the broken link accident, our estimate of the force on the coil necessary to produce a change in position fast enough to generate eddy currents capable of buckling the can is 5000 tons. This value looks excessively high.
(3) We conclude that the flattening probably occurred during the accident that burned the dump resistor.
The introduction of a vertical cut in the outer surface was one of the possible modifications to the original design that was considered. This cut would impede the eddy currents from completing the loop around the shield, decreasing the intensity of the currents.
As the median plane of the shield had to be cut to insert the extraction elements for the cyclotron, it was finally decided to reinforce the median plane structure with two 1/16 inch aluminum strips.
